This Page Is Inserted by IFW Operations 
and is not a part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the 
original documents submitted by the applicant. 

Defects in the images may include (but are not limited to): 

• BLACK BORDERS 

• TEXT CUT OFF AT TOP, BOTTOM OR SIDES 

• FADED TEXT 

• ILLEGIBLE TEXT 

• SKEWED/SLANTED IMAGES 

• COLORED PHOTOS 

• BLACK OR VERY BLACK AND WHITE DARK PHOTOS 

• GRAY SCALE DOCUMENTS 



IMAGES ARE BEST AVAILABLE COPY. 



As rescanning documents will not correct images, 
please do not report the images to the 
Image Problems Mailbox. 



- 



JEuropajscnaa paiamamt 
Europoan Paftrtt Off lea © Publication number: 0 039 981 

Office auropaan daa br*vats B1 



© EUROPEAN FATE NT SPECIFICATION 

(53) Date of publication of patent specif icatfon : (57) int. Cl.* : C 07 H 15/08 

0XM.83 

© Application number : tl 200305.8 
@ Date of filing : 11.05J1 



@ Lactftol mo no hydrate and a method for the production of cryeURlne lactftot. 



® Priority : 14.05.80 ML 9002823 

(33) Date of publication of application : 
19.11.81 BuHetln ti/48 

@ Publication erf the grant of the patent : 
03.oa.t3 Bulletin 83/31 

© Designated contracting Hates : 

AT BE CM DE FA OS IT U LU ML BE 

(S} References cited : 

COM PTES RENDUS, 1*20, 170, MJ.D. 8EN0F- 
RENS ■ Hydroo«fi>-*ton ca U tyttque 0u lectoea 
pages 47-50 

JOURNAL OF THE AMERICAN CHEMICAL 
SOCIETY, February 20, 1852, vol . 74, M.L. Wof- 
from r* at. - Lactttol DIhydrats • 
JOURNAL OF THE AMERICAN CHEMICAL 
SOCIETY, March 1938 vol. 60 U.L. WOLFAOM et 
Si. • Crystafflns tactosftot pages 571-573 
CHEMICAL ABSTRACTS, vol.90. 1971 page 391. 
abetrect 3773«f Columbus, Ohio, USA T. 8AUOM- 
MAA et at. - Lactftottmint sugar alcohols - 



CO 

o 

0) 
o 
o 



a. 

UJ 



@ Proprietor : C.V. CHEMIE COM8INAT1E AMSTERDAM 
CCA. 

Arfcsrsedljk 45 P.O. Box 31 
NL-42O0 AA Oortnchem (NL) 

@ Invnntor : Wljnman, Chrfatlaen Freda rtfc 
Rrrtst>aet 2 

NL-42S5 XB WoudrteSem (NL) 

Inventor : van Vefthulfseri, John Adrtaan 

H.M. ven Rsndw4)kalnpel 2 

NL-4205 J8 Oorinchem (NL) 

Inventor : van den Berg, Hendrfk 

Mueeentaan 23 

NL-4214 EO Vuren (NL) 

© Representative : van der Bees, Oeorge Frane et al 
Nederlendech uctrool bureau Jo ha ft de WKtlaan 18 
P.O. Box 29720 
NL 2503 LS Den Haag (NL) 



Note : WHhln nine months from the publication of the mention of the grant of the Europesn pmm, any person may 0**a 
notice to the Europesn Patefrt Office of opposition to the Europesn patent granted. Notice of opposition than be filed In 
a written reasoned statement. It shall not be deemed to have been filed urrtll the opposition f»J h«s been paid (Art. 99(1 ) 
European patent convention). 

jouv*. 18. rum St-Denta. 75001 Paris. France 



O 039 981 



Lactttol mo no hydrate and a method for the production of crystalline lad Hot 



The invention relates to • method for the production of lactttol monohydrale end to a method for the 
production of crystalline lactttol by crystallization from an aqueous solution of lactltol. 

Lactttol Is lactose the glucose portion of which he* been hydrogenated to sorbitol. Lactttol has the 
systematical name 4-p-Oflalactopyranosyl-D-sorbltol. 

5 The preparation o* tactltnl la of general knowledge. As described In - Agricultural and Food 
Chemistry », Jury-August 1970, 27, 680486 a 90-40 percent by weight lactose solution (baaed on the aum 
total) Is normally uced as the starting material such solution being hydrogenated at 100 *C and under a 
hydrogen pressure of 40 atmospheres In the presence of Raney-nlckel. Upon the sedimentation of the 
catalyst the hydrogenated solution Is filtered and purified by means of ion-exchangers and activated 

10 carbon. 

The relative s weetne ss of lactltol amounts to 36 % when compared with the sweetness of a 5 % 
saccharose solution. It thus Is clearly less sweet than sorbitol (relative s weetne ss of 55 %) and xylttol 
(relative sweetness of 96 %) (vlds « Agricultural and Food Chemistry July-August 1979, 27, 680-666). 

Aa reported In a German Patent (Malzena, 1974) the hydrolysis of lactltol by o-glucoaWaee (maltaee) Is 

19 much slower than that of laCose and maltose. 

Whereas lactose Is hydrotyzed completely by p-galacrosldsse within 45 minutes lactfol Is only 
hydrolyzed for 10-15 * within the same period of time. Hence lactltol wii! only be decomposed to a minor 
degree in the alimentary track so that It Is suitable as a replacement for augar In products to be used by 
diabetics. 

20 Lactttol Is also suitable for use In low-r«lortc foods. 

Lactltol Is less hygroscopic than sorb Ho I. glycerol and xylttol and may consequently be used In the 
preparation of certain bakery products for diabetics such as light biscuits (Dutch patent Application 
78.11204). Lactttol may therefore also be used In moisture Insensitive coatings for chewing gum, gellles. 
fondant etc. , . 

23 Furthermore lactltol possesses oropertles In view of which It Is also well suited for several 
applications, t . 

Due to the absence of a carbonyt group lactttol exlbtts a good stability against the exposure to head 
and to alkali. Heating an aqueous solution of 10 percent by weight of lactltol adjusted to a pH-vslue of 13 
with NaOH (1 hour at 100 X) does not produce any dhcoloratlon whereas a lactose solution when heated 
30 under the same conditions shows a strong discoloration. 

The stability of lactltol In acidic medium is comparable to that of lactose. After heating solutions of 10 
percent by weight of lactltol adjusted to a pH-value of 1 and 2. respectively, with HCI (4 hours at 100 X) It 
appeared that 5.1 * and 1.4 * respectively, of the lactttol was hydrolyzed. Lactose solutions appear to be 
hydrolyzed for 5.4% and 1.3%, respectively, when heated under the same condition*. 
35 Heating at higher temperatures {170-240 X) caused anhydrlaatlon of lactttol (productlcn of lactltan). 

Lactttol Is soluble In water, dlmethylsutf oxide and dlmethytformsmlde and Is mlsclble with other 
poryols (sorbitol, glycerol), tt Is slightly soluble In ethanol and dlethylether. 

Notwithstanding the fact that recent literature (Saljonmaa, T.. Helkonen. M.. Llnko. P., MHchwfs- 
senschatt33 (1978) 733-736, Schlweck, H., Susswaren 14 (1978) 13-21) considers lactttol to be a 
40 substance that may le crystallized only with difficulty or not at alt, nevertheless there are also reports to 
be found In the llteruVjre referring to a crystalline dlhydrate (Wotfrom. M. U Hann, Raymond M.. Hudson, 
C.S.. J. Am. Chem. Soc. 74 (1952) 1105) as well as to crystalline anhydrous lactltol. 

Crystalline anhydrous lactltol has been obtained by the repeated extraction of * concentrated 
aqueous lactttol solution with absolute ethanol (removal of water). The amorphous hyroscoplc mass thus 
43 obtained was combined with absolute ethanol whereby lactttol.O aq crystallized In a yield of 80 % In a 
period of about one month. - #K- _ 

Upon ^crystallisation (dissolution In little wster and addtton ot the same volume of • »f) there 
were obtained email telrahedric crystals having a melting point of 146 X and a specific rot «t o ' + M . 
Heating these crystals at VJOX under reduced pressure above Pfi % for a p-rfc I of 54 hours causec 
BO almost no toss of weight. _ . . ^..^k^h 

Lactttol dlhydrate possesses a molting point of 76-78 X end wsa presumabrv first 0*^1beO oy 
Senderens, J. B.. Compt. Rend. 170 (1P20) 47-50. This Investigator evaporated a hyJrogensted toctoae 
solution on a wster bath until a syrupy mass was obtained, which mass kept at room *™^ U J***™. 
to crystallize after some days ; the product showed a melting point of 78 X and specific rotation of 

55 + Since drying the crystals at 130 X to a constant weight caused a weight toss of 5 % (water) Senders** 

thought he had obtained the mo no hydrate. . __ rrt . m 

rt has now become apparent that when drying tactttol dlhrdrjte at 130 X for three days there wfll Be a 
kw""oTweighi of OnhrS*^ : " . ttM 

eo T he pub ll catlo TTcySo^erens does not disclose any determination of the moisture «rm^ according 

to the Karl Fischer method : such a determination would presumably have yielded a higher water con rem 
corresponding to the dlhydrate * containing about 9.5 percent by weight of water). 
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Abo In view of the low melting point (78 *C) It may thus be assumed that at that time Sorrdemnt had 
recovered the d I hydrate Instead of the monohydrite (the melting point Indicated by him It 78 C. wheroaa 
lactltol monohydrate haa a melting point of 121-123 "C and the d I hydrate hat * Izl 

Wortrom, M. L. Hann, Raymond M.. Hudson. C.S.. (J. Am. Chem. Soc. 74 (1952) 1105) 
5 obtained the d I hydrate and confirmed the composition thereof on the basis of the elementary analysis. 
They found a melting point of 72.5-74 *C and a specific rotation of + 11^. 

Van Velthuljeen In Agriculture and Food Chemlatryrz (1979) «8<HM» dwcribwin Impure lactUol 
monohydrate which contains 3*, mannrtol. 0.5% sorbitol. 0.5% dulcltol and 0.5% lower polyola. The 

?5^&^ 

solution of lactltol ty means of which lactltol monohydrate as well as lactKol dlhydrate may be produced 

20 uoollng the mother liquor to from 15 -C ^2^1^^^ 

to 22 -C seeding thTsame with crystalline lactltol monohydrate ^» ,i^$d 
monohydrate to cryefMlza , t thto temperature. mW ^^^^X^* £m*10X^5%. 
c) optionally causing the mother liquor obtained under b) to crystallize further at from 10 ^ to » "u. 



20-25 % Is obtained. K^omrf.^d bv mlxlna 1 pert by weight of tn aqueous lactrtol 

Furthermore leetHol monohydra e maybe J^^^ " , ^f a ^ l!l r} rem 7% to 3 parts by weight of 
solution having a concentration of from ; ^ f^^^tti ! rr?t cM £ 25 w hHaa ghtati r®. T be re by laHttol 
methanol or ethaool and subsequently cool ng the mW \un> » w ^ # .*i rtH 3 , iolulto r 1 having a 

sssr r w^^^^S^ ^ • 0,u " on w 6001 ,0 *" x 

*** determine the cryvUl structure thereof. Thle •nalyslt tr<n*s ^ ™ 16 J^er modules. The 

tetrtgo . crystal tysiem and that unit cel. ^ol^lnand the g.lactopyranoayl 

06 second water molecule It lodged wKhln the space between ine ■oro.iw. v 
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rino m will be apparent from the projection formula (Fig. 1). The dimension* of the unit cell are : 
a - b - 8.763 A. c - 45.506 A ; hence this unit cell la Indeed vety elongated . The space group -i P4>2,2. the 
eel' volume Is 3 493 J5 A» and the calculated densrh/of the crystal Is 1.445 g/cm*. 

A single crystal of lactrtol dlhydrate has now been prepared for th» first time. The lactltol d I hydrate 
known previously was of Insufficient purity for \\* preparation of a single crystal. Thereby rt became now 
possible to perform a X-ray diffraction analysis (vide rab le A). 

Table A 



JO 



15 



20 



Formula 
Crystal system 
CHrr arm tons of 
the unrt cell 

systematic extinctions 



Space group 

Number of molecules per unrt cell 
Unrt cell volume. 
DensKy (calculated) 
Number of reflections measured 
. Number of reflections observed 
Number of parameters 
Reliability Index (full matrix least squares) 



Lactltol mo no hydrate 

CmHmO., • HjO 
orthorhomblc 
• - 7-806(2) A 
b - 12.685(2) A 
c - 15.931(3) A 
hOO. h « 2n + 1 
OkO, k - 2n + 1 
001. 1 - 2n + 1 
P2i2,2, 
4 

1 577.9 A' 
1.523 g * cm 3 
2 061 
1 781 
296 
0.032 



Lactitol dlhydrate 

C^H^O,, • 2H,0 
tetragonal 
a - b - 6.762(2) A 

c - 45.506(10) A 
hOO. h - 2n + 1 
OKO. k * 2n + 1 
001, 1 - 4n + 1 
P4,2 1 2 

a 

3 493.8 A> 
1.445 g • cm -3 
2 456 
2 091 
311 
0.041 
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Lactltol mono hydrate 

A part from the dlhydrate there has now been found also a new type of crystal. fining only one 
motecute of crvstal water, thus a monohydrate. tt Is true that In Agricultural and Food Chemistry Van 
35 ^S^T^^T^>m^unA Indicated to be lactltol monohydrato but this product n Impure^ 
35 ^Z^ JZotZ^roU Zcnnl and lower pohyols as before -^^^^^ 

97 -C. whereas the newly found product Is purs and has a melting ^^J* 1 ^^ ™ ~J^"3 
differs also. The «>lubHrN of the pure monohydrate In water at ro om temperature fc less (56 %) than that o t_ 

tr ^g^T^^y- B h^ when heated at 130 -C for three days co ntra ry to lactrtol dmyd rsjej^ 

?fj? ^i^Ln found iW:pJ$%ciMol monohydrate may be produced by crystallization of toclKol 

1m V^n^ouZ that lactHol monohydrate may be obtained by ^^l^^^r 
solution of l-ctltol at temperatures between 10 X and 50 X when the solution b seeded under proper 
!l«!l»ir.r«l wrth ervstalllne lactltol nono hydrate seeds obtained from an alcoholic medium. 
^sX^fV^^ t£ro£to*Vo obtain the monohydrate by a first cryst.Hlz.tion whereupon 
lactltol dlhydrate crystallizes from the mother liquor. Thus Is Illustrated In ««^P^ ..^^ ^ n 
A "slnoto crystal* lactrtol monohydrate obtained from an ethanol-water medium has ► 
50 aublected to aTrly diffraction anarys's in order to determ.ne the crystal structure t^r*o<J>om thb 
anaK M bteSn* apparent that The monohydrate crystal belongs to the rhombic ^ aI ^ m /" d 

untT^nlalnsTl-ctr.o. molecules and 4 water molecule 
a - 7.808 A,b- 12.685 A and C - 15.931 A. The space group la P2,2,2,. the unit «»^™ ""I™ A 
The c2cu£& density of the crystals Is 1.523 g/cm 3 . The structure ^ J^^^^^^ 
55 .too Table A). This structure likewise holds for lactfel monohydrate obttlned by t^e^^MheT7^3 
aqueous medium. The similarity between both forms of crystal Is w^h n7.W of 

Vertical powder diagrams and ahow a similar melting point behaviour when determined with the aw oi 
drfferentlal-ecannlng ca tori met ry. 

0O Example 1 

A lectrtol solution purified by pawing over Ion exchangers and having a nrfrectlve lnde« * 
w« concemrated undeV reduced presaure to an Index of 75* Brix (dry ~<^?*° 1 V*'^?* 
weight,. From this lactrtol syrup 2 500 g were t.k.n. Upon cooling to 18 ^^^^^^^^C 
83 the syrup which crystals were removed from the mother liquor by centrtfuglng and then dried at 50 "C. 
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Yield : 1 190 g lactHol dlhydrate or 60 » bated on 1 791 g dry solids. Melting point : 79-60 *C : moisture 
content (Karl Fischer) ; 9.7 percent by weight. The mother liquor had a refractive Index of 56* Brix (dry 
solids content of 55.4 percent by weight). 

5 Examples IWV 

The crystallization conditions are not limited to those mentioned In example I. It appears to be 
possible to recover crystalline lactltol d I hydrate from ladltol solutions having different ladltol concen- 
trations. In each Instance an amount of 1 600 g ladltol d I hydrate was dissolved to that effed In 930 g. 

to 730 g. 550 g and 400 g water, respedlveh/. Upon cooling to 25 X each one of the solutions was teedod 
with 16 g ground ladltol d I hydrate followed by further cooling to 15 *C. After 24 hours the crystals 
produced were separated from the mother liquor by centrtfuglng whereupon the crystals were washed 
with 50 ml water In the centrifuge and dried at a temperature of 50 *q. In Tabel B the results thus obtained 
are summarized. The crystallization yields Indicated in percent Include the 1 percent by weight of crystal 

15 seeds. 

From the resutta summarized In Table B la may be concluded that an Increase of the Initial ladltol 
concentration Increases the crystallization yleid at the same ladHol content In the mother liquor. At *n 
Initial concentration of less than 57 percent by weight of ladHol the crystallization yield wilt become less 
than 30 * I. e. too low for the application on an Industrial scale. At an Initial concentration of more then 72 
20 percent by weight a thick crystal slurry Is formed which cannot be worked up anymore on an Industrial 
scale. 

Table B 



30 



35 



40 



45 



50 



55 
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Example 


LadHol 

dlhyrimle 
(Q) 


Watir 
(9) 


Ladltol product 
(% by wt) (g) 


Melting 
point 
CC) 


Water 
content 
(*) 


MdheHlquor 
(9) <b*> 


Crytt 
yield 
(»> 


1 

III 
IV 
V 


1 600 
1 600 
1 600 
1 600 


930 
730 
550 
400 


57 
62 
67 
72 


967 
1 040 


60-61 
80-6t 
60-61 
76-60 


109 
10.6 
10.7 
10.7 


1 657 
1 329 
945 
621 


54 
54 
54 
65 


30.0 
42.5 
61,7 
. 66.0 



Example VI 

225 g water was added to 760 g Isdltol dlhydrate whereupon the mixture waa heated to 100 X white 
agitating whereby a clear 70 percent by weight lactHol solution was obtained. Upon cooling to 60"C 
ethanol (96 %) was added In small Increments while agHatlng and keeping the temperature at 60 C. upon 
cooling to 45 *C ladHol started to crystallize. After continued cooling to room temperature wh.to •0 rt *jing 
the produd was recovered on a sudlon fitter and dried at 50 'C In a drying cabinet. The yield of ladHol 
monohydrate was 664 g or 94 % based on the ladHol used. meHIng point : 121-123 *C ; moisture content : 
5.3 percent by weight (Karl Fischer). 

Examples Vll-X 

Crystalline ladttol monohydrate waa prepared from aqueous ladltol solutions having j f™*™* 
ladltol contents varying from 70 to 60 percent by weight. Thereby In each Inslsnco i ar, i amount of 1 700 g 
ladttol dlhydrate waa dissolved in 490 fl. 350 g. 300 g and 230 g water, respedlvefy. ata tempe^turs ol 
100 *C. Upon cooling to 50 'C the solution was seeded with 15 g ground lartHoi n^hydrate wheroupon 
the cooling was continued to 45 'C. After a crystallization for 24 hours at 45 *C the W^lt swre 
separated from the mother liquor In a laboratory centrifuge, washed wHh 50 ml wal»r In the centrifuge 
and dried at 50 X In a drying cabinet. Thereupon the mother liquors were also seeded wHh monohydrate 
crystals. After a crystallization for 24 hours at 15 *C the monohydrate crystals 'orwedwere °V 
cenirrfuglng, washed wrth 25 ml water and dried at 50 *C. The resutta thus obtained are compiled In 
Table C. 

(See the Table C. page 6) 
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Table C 



Crystal 

Lactltol Melting water 

uaed Product point content 
Example <* by wt) (g) fC) (% by wt) 



VII 


70 


310 


11»-120 


6.3 






055 


116-121 


5.2 


VIII 


75 


we 


116-120 


6.2 






395 


123 


5.1 


IX 


77 


740 


115-120 


6.4 






372 


123 


5.3 


X 


60 


912 


110-120 


5.' 



341 123 5.6 



Crystallization Ibid 

yield total Mother liquor 



(*) 


rc) 


(9) (bx) 


19 


59 


1 626 703 


40 




650 54 


41 


65 


1 101 71 


24 




606 64 


45 


66 


1 059 71 


23 




596 54 


56 


77 


644 71 


21 




341 54 



From these tests ft la apparent that an Increase of the lactltol concentration from 70 percent by weigh; 
20 to 80 percent by weight causes the crystallization yield of the first crystallization to Increase strongly 
whereas contrary thereto the yield of the second crystallization however decreases. The total crystalliz- 
ation yield however rises when Incr aslng the lactrtoi concentration to almost 60 %. From the mother 
liquors of the first crystallization put* mo no hydrate Is crystallized again. 

25 Example XI 

500 g water were added to 3 800 g lactltol d I hydrate and the mixture waa heated to 100 *C whereby a 
clear 60 percent by welgl I lactHol solution waa obtained. Upon cooling to 45 "C the solution was seeded 
with 36 g ground lactrtoi mo no hydrate resulting In the crystallization of the solution accompanied by 
X generating of heat (a rise In temperature from 45 "C to 55 *C occurred). 

After a crystallization boura at 45 *C the crystals were separated from the mother liquor In a 

laboratory centrifuge ; after removal of the mother liquor by centrHuglng the product was waihed with 
100 ml water In total In the centrifuge. The yield of the product dried at 60 *C was 2 010 g lactrtoi 
mono hydrate or 55 * based on the lactrtoi used. The melting ^olrrt of the product was 121-123 "C and the 
« moisture content was 5.2 percent by weight. 

The mother liquor (1910g of 76.5* Brix) waa seeded with 15 g ground lactHol dlhydrate and 
subsequently cooled to 15 *C. After c crystallization for 24 hours at 16 "C the crystals were removed by 
centrrfuglng and washed with 40 ml water In the centrifuge. 

The yield of lactrtoi dlhydrate dried at 50 *C was 810 g or 21 % based on the lactltol used. The melting 
40 point was 76-79 X and the moisture content was 9.7 percent by weight. Accordingly the total 
crystallization yield waa 55 % + 21 % - 76 %. 

The final mother I'^uor chained amounted to 1 060 g of 59 *C Brix (dry aoltds content of 56 peroent 

by weight). 

45 Example* Xll-XXVll 

Examples XII-XXVII elucldsta the conditions at which lactltol monohydrate and lactrtoi dlhydrata, 
reaoectrvery, may be obtained from aqueous solutions of lactrtoi. In each Instance 200 g lactltol dlhydrate 
was used as the starting material whlrh was dissolved In an amount of water varying from 40 g to 50 g at 
SO 100 "C. Thereupon the solutions obtalr-rf were cooled to a temperature varying from 25 "C to 45 -C ana 
seeded with 2 g monohydrate or 2 g dlhydrate. The crystallization proper occurred at temperatures 

b * rt¥ ThT Jb^rJdcfYStal* were separated from the mother liquor In a small model lar»nitory centrifuge, 
washed with 5ml water in the centrifuge and dried at SOX. The melting point of each fraction or 

« crystalline lactltol was determined. . , fh _ 

In Table D (examples XII to XXI, Inclusive) the results sre compiled which were obtained when tne 
crystallization temperature was kept aM^eseedlng temperature. H appears In Q*™™*^"^"^"* 
with monohydrate there la again formed the monohydrate where-ea seeding with dlhydrste 
dlhydrate. The test performe d at 45 «C however Is an excep t ion In that e ojejv^thejrwnor^^ 

90 iQtm*<L_MJ^^ ftfr**' temperatures) the moncnydrste » 

apparently the sole stable modification.^ 



(See the Table D. pegs 7) 
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Table D 



Seeding 



Example 



dlhydrate 

(g) 


Water 

(0) 


Lactttol 
(* by wt) 


temp. 
CO 


Seeds 


Produkt 
(Q) 


200 


40 


75.4 


45 


mono 


77 


200 


40 


75.4 


45 


df 


68 


200 


45 


73.0 


37 


mono 


63 


200 


45 


73.9 


37 


dl 


100 


200 


45 


73.9 


35 


mono 


76 


200 


45 


73.9 


35 


dl 


112 


200 


45 


73.9 


32 


mono 


78 


200 


4G 


73.9 


32 


dl 


106 


200 


46 


73.0 


25 


mono 


66 


200 


45 


73.0 


25 


dl 


119 



Melting Mother 
point liquor 
fC) Cryttata (bx) 



10 



16 



XH 
XIII 

xrv 
xv 

XVI 

XVII 

XVItl 

XIX 

XX 

XXI 



121- 123 
115-123 

122- 123 
81-63 

122-124 
61-63 

122-123 
61-63 

121-123 
8042 



mono 
mono 
mofio 

dl 
mono 

dl 
mono 

dl 
mono 

dl 



66 
66 
67 
65 
65 
63 
59 
61 
56 



SO 



Table E 



90 



Uctrtol Seeding Ciyat. Melting Mother 

dlhydrate Water Lactttol temp. temp. Product point Mjuor 

Example (g) (g) <% by wt) fC) Seeda fC) (g) CO CfymtiH (bx) 



XXII 
XXIII! 
XXIV 

XXV 
XXVI 
XXVII 



200 
200 
200 
200 
200 
200 



42 


74.8 


45 


mono 


18 


106 


42 


74.8 


45 


dl 


16 


132 


60 


72.4 


37 


mono 


18 


96 


60 


72.4 


37 


dl 


18 


126 


SO 


72.4 


25 


mono 


18 


99 


SO 


72.4 


25 


dl 


16 


124 



121-123 mono 56 

81-63 dl H3I 

123-125 mono _54_ 

80- 62 dl 54 
122*124 mono 54 

81- 63 dl 54 



40 



43 



BO 



56 



90 
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The results compiled In Table E (example* XXII to XXVII, Inclusive) were obtained at one and the 
same crystallization temperature (18 *C) whereas tho seeding temperature varied from 45 *C lo 25 *C. It 
appears that seeding with the monohydrate again yields the monohydrate and seeding with the dlhydrate 
again yields the dlhydrate. The difference In comparison with example XIII consists therein that If a 
seeding with the dlhydrate performed at 45 *C la followed by a crystallization at 18 *C (example XXI 0 
there Is now produced the dlhydrate Instead of the monohydrate I'ke In example XIII. Due to the rapid 
cooling from 45 *C to 16 *C the seeding material did apparently not have the opportunity to convert from 
the dlhydmte form to the monohydrate form. 

A blended sample was made of all the monohydrate products obtained by the tests of example* XII to 
XXVII Inclusive, which sample was anaryzed wrth respect to the moisture content In accordance with the 
Karl Fischer method ; the moisture content was found to be 5.2 pe*r*nt by weight. The blended sample of 
the dlhydratee waa found to have a moisture content of 10.0 percent by weight. 

Example XXVlll 

950 g lectltol dlhydrate (860 g anhydrlc lactttol) were dissolved In 128 g water at 100 *C. Upon cooling 
to 50 *C the 80 percent by weight lactttol solution was seeded with 9.5 g ground dlhydrate (1 perce™ oy 
weight based on the lactttol dissolved). After crystallization for 46 hours at 45 *C the crystals J™™"?™ 
separated from the mother llqouor In 5 laboratory centrifuge, washed with 25 ml water and dried ai I45T; 
(drying cabinet). There were then obtained 440 g lectltol monohydrate (melting point: 116-120 
moisture content : 4.9 %) or 49 % baaed on the lactttol used. 

After a crystallization for 24 hours at 15 *C there could be recovered from the rather tloj 
wrth 4 g ground dlhydrate a further crop of 240 g lactttol dlhydrate (mettlngpolnt : 60*2 *C . moisture 
content : 10.0 %) or 25 % based on the lactttol used. 

The total crystallization yield thus amounted to 49 * + 25 * - 74 *. 

Example XXIX 

This example Illustrates the direct production of lactttol monohydrate from a purified and 
concentrated hydrogeneted lactose solution. 
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2 500 o purff ted concentrated lacthol syrup (80* Brix, 76.4 percent by wight of dry solids) were 
seeded with 15 g ground U»ctlto' monohydrate at 45 X. After a crystallization for 48 hours at 45 X the 
crystals were separated from the mother liquor In a laboratory centrifuge, washed with 50 ml water and 
drtod at 45 X (drying cabinet). Yield : 875 g monohydrate or43.5 percent by weight based on the dry 
5 solids content of the lactltol syrup ; melting point 1 10-120 *C : moisture content : 5.7 percent by weight 
Upon seeding with about 5 g ground monohydrate there was yet crystallized from the mother liquor a 
further crop 448 g lactltol monohydrate or 22.2 percent by weight based on the dry solids content ; 

melting point : 115-120 X ; moisture content : 5.5 percent by weight. 

After about 1 week st 18-20 X there was crystallized from the second mother llqucr yet 202 g lactKol 
10 dlhydrate of 9.6 percent by weight baaed on the dry solid wontent : melting point : 82-84 X ; moisture 
content : 9.8 percent by weight. 

The total crystallization yield thus amounted to 75.3 % Including 1 % of seeding crystals. 
The final mother liquor yet showed a refractive Index of 57* Brix (dry solids content of 54 percent by 
weight). 

\ Example XXX 

The hydrogenated lactose solution described In example XXIX was used as the starting material. This 
solution was concentrated to 75" Brix (dry solids content of 72 percent by weight). The solution was 
20 seeded wHh lactltol dlhydrate at room temperature. Hereby only the tactltni dlhydrate crystallized. The 
crystallization yield was 60 %. 



Claims 

23 

1. Crystalline' lactltol monohydrate of the formula C 7 H„O n • H»0 : melting point 121-123 X: 
crystal system orthorhomblc ; dimensions of unit cell a -7.808 A. b- 1 2.685 A, c- 15.931 A ; space group p 
2.2,2 ; 4 molecules per unit cell having a volume of 1 577.9 A a . 

2. A method for the production of crystalline lactltol by crystallization fn-n an aqueous solution of 
90 lactltol characterized by 

a) seeding an aqueous solution of from 70 to 85 percent by weight of lactltol with lactltol 
monohydrate at from 45 - C to 55 X and causing lactltol monohydrate to crystallize at from 4" *C to 
50 X, preff rabry between 43 *C and 47 X, said lactltol monohydrate optionally being recovered. 

b) optionally subsequently cooling the mother liquor to from 15 X to 25 X, seeding the same with 
35 crystalline lactltol monohydrate seoda and causing the lactltol monohydrate to crystallize at this 

temperature, said lactltol monohydrate optionally being recovered. 

c) optionally causing the mother liquor obtained under b) to crystal'lze further at from 10 X ;o 
25 X and recovering' lactltol dlhydrate, or 

d) seeding an aqueous solution of from 67 to 78 percent by weight of lactltol with crystalline lactltol 
40 dlhydrate seeds and causing lactltol dlhydrate to crystallize and recovering the same. 

3. The method according to claim 2a, characterized by starting from a solution of from 78 to 62 
percent by weight of lactltol. 

4. The method according to claim 2a. characterized by causing lactltol monohydrate to crystallize at 

from 43 X to 47 X. , _ , 

45 5. The method sccordlng to claim 2b. characterized by causing the mother liquor to cool to from 
18 X to 22 "C and thereupon seeding the same wHh crystalline lactltol mo oo hydrate seeds. 

6. The method sccordlng to claim 2b. characterized by causing lactltol monohydrate to crystallize at 
from 16 X to 22 X. 

7. The method according to claim 2c, characterized by causing lactltol dlhydrate to crystallize at 

50 from 15 X to 20 *C. ..... 

6. The method according to claim 2d. characterized by recovering lactltol dlhydrate from a solution 
of from 68 tc 76 percent by weight of lactltol. 

9. The method according to claim 8, characterized by utilizing a solution of from 72 to 74 percent Dy 

weight of lactltol. ^ ^ . lt . _ 

55 10. The method according, to claim 2d. characterized by causing lactltol dlhydrate to crystallize at 

from 15 X to 20 X. 

11. The method according to claim 2. characterized by starting from a lactltol solution obtained by 
the hydrogenatlon of a lactose solution. 

12. A method for the production of crystalline lactltol monohydrate characterized by *^ log an 
90 aqueou- solution of from 78 to 82 percent by weight of Kcirtol with lactltol monohydrate at from 45 -cto 

55 X and thereupon causing said solution to crystallize at from 40 X to 50 X and recovering the lectrtor 

^T^The^nx according to claim 12. charec* ^ed by seeding the mother liquor thus <*>™™* 
with lactltol mc no hydrate at from 15 X to 25 X and t.-en causing the mother liquor to crystallize at thai 
$6 temperature and recovering the actltol monohydrate. 
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. . J. 6 * Th f^ method •ccordlrtg to claim 14. characterized by mixing 1 part by weloht of th* i~*Hr>t 
it ^^.k^? ""•'I 0 ,a * UM n>onohydr.t. to efywalim .nd iwsowlno the Mm. 

th, mWure » coo. to 20 -c issrcsrisuffis ssa^sssijs? ,h,rm,pon 
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1. Krlstalllnes LaMtto^Monohydrat (Laktrt-Monohydrat) der Forme! CM o n_n . u. 

b) gegebenenfalla anschlleSend die Mutterlauge auf 15^C bto 25 £?bkfu* ^TIISv . 
Metalllnem LaMrtol-Monohydrat belmptt und daa IMil^^i^ ^mL^ ? H Wn 
Kr^insattonbdngt dae genannteU Temperatur zur 

und lAi^^ "** n9n * ™ «* » * — XHstallieleren » 

bis S 3 2 Sl^SrS^^ dadUrCh °"«^ - -n von .IneTL^U von 78 

43X b^r^ d,dUrCh "*»"'«"* *** ™ Latottol-Monohydrat be, 

22 ^.bWh V Jn f wmuSr.! 8 . A "* P Mu^ da ut rC 1 h ^™«'chnet. da8 man die Mutterlauge auf 18 bit 

8 55 Vertah™ ^«f^« i^^K ?1 ^L"*" V °° Kri *»"">™ Uktrtol-Monohydrarbelmpft. 
b* S^i^iSTM ^ dadUTCh « man UktHol-Monohydrat £l 18 

bl. £ ^u?^^ * dadUfCh deB man Ukt^Olhydrat bel 15 * 

L^ng^M^ « ™ U-lctHo.-Dlnrdrat au. elner 

GeJch*?^ 8 * d * dUrch « «" •<« l*«n» vom 72 bl. 74 

b»a a^g&ntt^^* * d4dUrCh « <™ Laktrtol-Dlhydrat bel 15 -C 

rfk> JLh^!?*™ ? emfl , S l nsp ? Jt ch * dadurch Qekennzelcnnet. daB man von elner Laktftol-Loeung, 
die durch Hydnerung einer Laktoeelosung erharten wlrd, ausgeht wwung, 

d-fl lf.n E1 ? V !?Ji Bn , Z " r Httnrtel,un 9 krtetalllnem Laktrtof-Monohydrat, dadurch gekenruelchnet 
K-c £ ^XJZZJ*** 2? ^tehteprorent Laktttol ST UWHol-Monohyd^t™! 45 X 

^n^raT g^lnrr^ * n8Ch " e0er>d dl# bel 40 *C bte 50 «C krtetallfaleren left und da. Lak^ 

55 « J 3 : Dta Vorfahren 0*ma8 Anspruch 12, dadurch gekennxetehnet. daS man die »o erhaftene 
T.mL™t°\t! .^^^I-Monohydrat hel 15 «C bla 25 X belmptt und die M^'augf biTo^ 
Temperatur kristalllaleren lABx urxJ daa UMttot-rnonohydrat gewlnnt 

»| C hL E 'l« 9rtah ? n ^ Heratellung von LaktHol-Monohydrat oemaB Anspruch 1. dadurch gekenn- 
an ^° 1 ^r^ 0 ^ 011 • lrwr ^ flr K)»n Laktrtolloeung mtt elner Konrentratton yon 80 bb 75 

^^ P .?r,*£ rt J. bto^Qewtef rtstellen Methanol Oder Athanol vermrecht und anech.*e8end daa 
gTlrln^ Bwregen abkOhlen lidt und daa knetalllne UktttoSMonohydnit 

^rJ ^iP^^I'^J?^* Anapruch 14, dadurch gekenruetchnel. daS man 1 Oewlchttell UktftoW. 
15 totonl nmLto von 85 bto 70 GewlcM.pror.rn mrt 1 bl. 2 Gewtehtate lie M^hanol^r 
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16. Dm Verfahran gems B Anepruch 14, dedurch gekenrueichnet. dafl man 1 Gewfchtsteil Laktrtollc- 
sung mrt 1 Gewichtsteil Athanol vermrscht und anschlleBend daa Gemfech urrter Bewagen auf 18 *C bit 
22 *C abkOhlen I48t. wodurch man daa LaktKot-Monohydrat zur'Krfatelllsatlon brlngt und as gewlnnt. 

17. Daa Verfahran gamaS Anapruch : 1, dadurch gekennzelchnet, daB man 1 Qewlchtstelt alner 
5 LaktHoIloaung mrt einer Koruent ration von 70 Qewichtsprorent mlt 1 Gewichtsteil Athanol vermlecht und 

anschlleBend daa Oamlach auf 20*C untar Bewegen abkOhlan liBt. wodurch daa Laklltot-Monohydrat 
kristatlislert. 



10 ReYendteattone 

1. Monohydrata de lactrtol crtstallln da formula CtfH^On • H«0 : point da fusion 121 a 123*C; 
aysiemo ertatalltn orthorhomblq ua ; dimensions da la mailto elemental™ a - 7306 A, b - 12,685 A, c - 
15,901 A ; groupa a pat la ( p 2,2,2 ; 4 molecules par ma 1 1 la atamantalra, preserrtarrt un voluma da 1 577,9 A'. 
15 2. Precede pour la production da lactHol crtstallln par crista Uisat Ion a partlr d'una solution aquauaa 
da lactHol, caractertaa par las o pa rations cons rata nt : 

a) a enaemencer una solution aquauaa 4 70 a 65 pour cant an potds da lactHol avac du 
monohydrata da lactrtol a -na temperature comprise antra 45 at 55 *C at 4 faira crtstalliser du 
monohydrata da lactrtol a una tamparatura comprtsa antra 40 et 50 °C, et de preference arrtra 43 at 47 *C, 

20 tedtt monohydrata da tact It ol atant eventuellement recupere, 

b) a eventuellement rafrotdlr anaurta la llquaur mere a una tamparatura comprise antra 15 at 25 *C, 
a a roe mo near calla-cl avac daa garmas crtstalllns da monohydrata da lactHol at a falra crtrtilllaer la 
monohydrata oa lactHol a cette tamparatura, lad It monohydrata da lactrtol atant eventuellement racupara, 

c) 4 avantuallamant poursuhrra la crtatalllsatlon da la llquaur mere obtanua an b) a una 
23 tamparatura comprise antra 10 at 25 *C at a recuperer du d I hyd rata da lactHol, ou 

d) a ansa ma near una solution aquauaa a 57 a 76 pour cant an polds da lactHol avac daa garmas 
crtstalllns da dl hyd rate da lactHol at a faira cristalllaar du dlhydrata da lactHol at a racuparar calul-cl. 

3. Procada salon la ravandicatlon 2a, earactartsa an ca qua Ton part d'una solution a 78 a 82 pour 
cant an potts da lactHol. 

30 4. Procada aaton 'a ravendlcation 2a, caracterlse an ca qua Ton faH crtstalliser du monohydrata da 

lactHol a una tamparatura comprise antra 43 at 47 *C. 

5. Procada salon Ea raven* (cation 2b, caracterlse an ca qua I'on fart rafroldlr la llquaur mara 4 una 

tamparatura comprise antra *8 at 22 *C at an ca qua Ton ensemence alors celto-c! avac daa garmas 

crista I Una da monohydrata da lactHol. 
35 6. Procada salon ta ravendlcation 2b. earactartsa an ca qua Ton faH crista II bar du mo no hyd rata da 

lactHol a una tamparatura comprtsa antra 18 at 22 *C. 

7. Procada aalon la ravendlcation 2c, caractertaa an ca qua Ton faH crtatalllaar du dlhydrata da 
tactltol a una tamparatura comprtsa antra 15 at 20 *C. 

8. Procada aafon la ravendlcation 2d, caracterlse an ca qua Ton racupara du dlhydrata da lactHol 
40 d'una solution a 68 a 76 pour cant an polds da lactrtol. 

9. Procada aalon la ravendlcation 8, earactartsa par la mfae an ceuvre d'una solution a 72 4 74 pour 
cant an polds da lactHol. 

10. Procada salon ta ravandicatlon 2d. earaclerfse an ca qua I'on faH cristalllaar du dlhydrata da 
lactHol a una tamparatura comprise antra 15 at 20 "C. 

45 11. Procada salon la ravendlcation 2, caractertaa an ca qua I'on part d'una solution da lactrtef 
obtanua par I'hydrogenatlon d'una solution da lactose. 

12. Procada pour la production da monohydrata da lactHol crtstallln, earactartsa an ca qua I'on 
ensemenca una solution aqueuse a 78 a 82 pour cant da tactltol avac du monohydrata de lactHol a. une 
temperature comprise entre 45 at 55 *C et an ce qua Ton fan alors crista Miser ladHe solution a una 

So tamparatura comprise errtre 40 at 50 °C et en ce que Ton racupara la monohydrata de lactHol. 

13. Procada salon la ravendlcation 12, caracteriee en ca qua Ton ensemenca la liqueur mara alrtsl 
obtanua avac du monohydrata da lactrtol 4 una tamparatura comprtsa antra 15 et 25 *C et en ce qua Ton 
faH enauHe crtstalltser la llquaur mara 4 catta temperature at an ca qua Ton racupara la monohydrata d- 
lactHol. 

66 14. Precede pour la production da monohydrata de lactHol salon la ravandicatlon 1. earactartsa an 
ca qua I'on melange 1 part to an poWs d'una solution aqueuse de lactHol praaantant une concentration 
comprise errtre 60 at 75 pour cant an polds avac 1 a 3 parties en polds de methanol ou d'ethanol et an ca 
qua I'on faH alors rafroldlr la melange 4 una tamparatura comprise antra 15 at 25 *C tout an agrtant at an 
ca qua Ton racupara la monohydrata da lactrtol crtstatltee. 

eo 15. Procada salon ta raw., id teat k>n 14. earactartsa en ca qua I'on melange 1 partle an polds d'una 
solution da lactHol praaantant una concent nation comprise antra 65 at 70 pour cant an polds avac 1 4 
2 pari lee en polds da methanol ou d'ethanol. 

16. Proceed salon la ravendlcation 14. carecHrtae an ca que ron melange 1 partle an polds da la 
solution da lactHol avac 1 partle an pokla d'ethanol at en ce que I'on faH alors refrokJIr la melange 4 una 

65 tamparatura comprise antra 18 at 22 *C tout an agrtant, provoquant la crtatalllsatlon du monohydrata da 
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toctRol el en ce que Ton recupere celut-ct. a _ fj ^ 

17. Precede *elon la revindication 14. caracteriee en ce que Ton metange 1 partle en poWs d una 
solution de tectltol preeerrtant une concentration de 70 pour cent en poldt avec 1 partle en P°'d» 
d'ethanol et en ce que Ton fart lion refroWlr le melange a 20 *C tout en agltant provoquent alnal la 
crtttallisatton du mo no hydrate de lactttol. 
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